ABSTRACT.-We examined age and sex differences in wing loading, aspect ratio, and wing span in a sample of 208 Merlins (Falco columbarius) captured at Cedar Grove, Wisconsin, during fall migration, 1978-1993. We also examined differences in tail loading of 166 of these Merlins. Adult males had significantly greater mass and wing loading than juvenile males. Adult females differed significantly from juvenile females only in mass. Females were significantly greater than males in every measure except aspect ratio. There were no apparent age differences in tail area or flight surface loading, but females had greater values in both. Merlins show fewer age differences in aerodynamic characteristics than Sharp-shinned Hawks (Accipiter striatus), probably because of differences in how the two species pursue and capture avian prey. Merlins usually capture prey in the air, sometimes after multiple stoops and at high flight speeds. In contrast, Sharp-shinned Hawks take birds from their perch or after a brief chase, often in dense vegetation, at relatively low flight speeds. Slower flight speeds require larger control surfaces and can explain the increased age differences in wing and tail areas in Sharp-shinned Hawks. Wing area, wing loading, and other aerodynamic characteristics are especially important for those diurnal birds of prey which spend considerable time on the wing and rely on agility in flight for the capture of prey. Adult Sharp-shinned Hawks (Accipiter striatus) have significantly greater wing lengths, wing widths, aspect ratios, wing areas, mass, and wing loadings than juveniles, and all of these measures are significantly greater in fe-
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STUDY AREA AND METHODS
We captured Merlins during fall migration, 1978-1993, at the Cedar Grove Ornithological Station (43Њ 33Ј N, 87Њ 21Ј W) on the western shore of Lake Michigan in Sheboygan County, Wisconsin. The methods used to obtain the data are explained in detail in Mueller et al. (1981) . Briefly, the extended wing (or tail) was held up against a vertical sheet of Plexiglas ruled into 5-cm squares and photographed. The negatives later were projected to life size and an outline drawn of the wing (or tail). We measured the area of the drawing with a compensating polar planimeter. Measurements were taken as in Mueller et al. (1981) except for the following: (1) wing area was twice the area of one wing plus the area of the body adjacent to the wing, and (2) aspect ratio was the square of wing span divided by wing area. We aged the falcons by plumage (Sodhi et al. 1993 ) and we sexed juveniles by size. The mean wing chord of 618 juvenile Merlins sexed as males at Cedar Grove was 192.06 Ϯ 3.56 SD and of 648 sexed as females was 212.63 Ϯ 4.04 SD, indicating that Ͼ99% of the birds could be sexed correctly by wing chord alone. We performed statistical tests with SYSTAT (Wilkinson 1989 ) on a Macintosh G3 computer. We used t-tests for independent samples for all comparisons. The tails of the falcons were spread to varying degrees and the areas varied accordingly. Estimates were necessary to standardize tail area. We used the following formula to estimate tail area:
where A is the angle formed by lines drawn along the two outer rectrices until they meet on a drawing made from a photograph of the tail, B is the distance from the apex of this angle to the tip of the longest rectrix, and C is B minus the tail length measured on the live bird. Unlike for Sharp-shinned Hawks (Mueller et al. 1981) , this formula was a better fit than one using the sine of the angle and the length of the tail (r ϭ 0.95 and r ϭ 0.89, respectively). A folded tail of a Merlin probably is held at an angle of 10Њ and a spread of 110Њ probably is the maximum possible without gaps between the rectrices. Statistical tests of significance were not used to compare tail areas because those estimates were derived.
RESULTS AND DISCUSSION
Juvenile males had greater wing widths and wing areas than adult males, but neither difference was significant (Tables 1 and 2) . Adult males had a greater wing chord, wing length, aspect ratio, mass, and wing loading than juvenile males, but only the last two differences were significant. Adult females were larger than juvenile females in all of the above measures, but only the difference in mass was significant. Females were considerably larger than males and differed significantly in every individual measurement. The sex difference in wing loading was highly significant in both adults and juveniles, but the difference in aspect ratio was significant only in adults. Females had larger tail areas than males (Table  3) . Females also had greater surface loadings than males (Table 4) , but there were only slight differences between juveniles and adults. Mueller et al. (1981) found that adult Sharp-shinned Hawks had significantly shorter tails, longer and wider wings, greater wing areas, higher wing loadings, and higher aspect ratios than juveniles. They hypothesized that adults flew faster and struck prey more forcibly, but required more energy consumption than juveniles. They proposed that juveniles were more maneuverable and required less energy in flight than adults and that this was an adaptation for the juveniles until they developed hunting skills for adult life. The pattern we found in Merlins is partially in agreement with this hypothesis. Adult males had greater wing loading and mass than juvenile males; however, the only significant age difference in females was in mass.
Sharp-shinned Hawks exhibit much greater age differences in aerodynamic characteristics than Merlins. Both species feed primarily on birds and have similar fledgling dependency periods (Sodhi et al. 1993, Bildstein and Meyer 2000) . The major difference between the species is in how they hunt and capture birds. Sharp-shinned Hawks capture perched birds, often in dense vegetation, or in flight after a brief chase. Merlins usually capture birds in the air, often after a series of stoops at a flight speed considerably greater than that of Sharpshinned Hawks. The tail and wings are used to deflect the airstream in rapid twists and turns. The force produced by such a deflecting surface is proportional to the area of the surface and the square of the airspeed, so a falcon in rapid flight needs less deflecting surface than a hawk in slower twists and turns. The tail of birds functions primarily as a control surface and a decrease in the ratio of mass to tail surface at maximum spread would increase maneuverability. This ratio in Sharpshinned Hawks is only 58% of that of Merlins, suggesting that the former is considerably more maneuverable than the latter at equal airspeeds. The smaller age differences in wing width, wing length, and wing loading in Merlins, compared to Sharp-shinned Hawks, also can be attributed to Merlins not requiring relatively large control surfaces. Perhaps young Sharp-shinned Hawks need the additional maneuverability and economy in flight offered by lower flight loading, shorter wings, and longer tails, but these are of no advantage to young Merlins because speed is of prime importance in the pursuit of their prey.
